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CHAPTER 1. INTRODUCTION 
 

1.1 Background information 
 

Motorcycle registration has grown up in the past ten years with the 

increase of 46 percent(Highway Statistics, 2016).The increasing motorcycle 

registration has been accompanied by the increasing motorcycle accidents, 

property loss, injuries, and fatalities. According to the National Highway Traffic 

Safety Administration (NHTSA, 2015), in 2015 motorcycle fatalities have 

increased by 8.3 percent from the year 2012 which is the largest number from 

2012. Therefore, with the increasing number of motorcycle registration, it is 

necessary to have a concern towards the motorcycle safety area. 

Motorcycles constitute of 3.23 percent of a total number of motor vehicles 

in the United States in 2015. There were altogether 8,600,936 motorcycles 

registered in the United States in 2015 from which the number of motorcycles 

registered in South Carolina was 116,241 (Statista, The Statistics Porta,2015l). 

From 1975 to 2015 in United States, the total number of motorcycles involved in 

the fatal crashes has increased from 3265 to 5076. The total number of 

motorcycle fatalities from 1975 through 2015 is 157,789. In 2014, the total 

number of motorcycle fatalities constituted of 14 percent of all motor vehicle 

fatalities and were more than double the fatalities in 1997 as shown in figure 1-1 
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(IIHS,2015). The motorcycle fatalities in United States have increased by more 

than 5 percent in 2015 from the year 1975 (NHTSA, 2015). The proportion of 

motorcycle fatalities has increased from 5 percent in 1995 to 13 percent in 2015 

as shown in Figure 1-2 (IIHS, 2015). There is an increase of 8.3 percent with 4597 

number of motorcycle fatalities in 2014 to 4976 number of motorcycle fatalities 

in 2015. (NHTSA, 2015) Statistics shows that most of the motorcycle fatalities 

occurred in the 14 states: California, Florida, Georgia, New York, North Carolina, 

Ohio, Pennsylvania, South Carolina, Taxes, Arizona, Illinois, Michigan and 

Tennessee.  Also, the data for 2014 depicts that South Carolina falls under top 14 

states with the higher number of motorcycle fatalities (NHTSA, 2014). In 2013 

the statistics showed that there were 13 states along with South Carolina with 

more motorcycle casualties: Arizona, California, Florida, Illinois, Georgia, 

Michigan, New York, North Carolina, Ohio, Pennsylvania, South Carolina, 

Tennessee, Taxes, Indiana (NHTSA, 2013). These statistics shows that South 

Carolina has been one of those states with high number of motorcycle crashes. 

Generally, if compared with passenger cars, motorcyclists are more susceptible 

to be involved in fatal accidents.  
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Figure 1-1: Motorcyclist Deaths as a Percent of Total Motor Vehicle Deaths, 1995- 
2014 (Data Source: Fars) 

 

 

 

Figure 1-2: Fatalities by person type (Fars data from 1995 and 2015) 
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Motorcycle use became very popular in United States after the WWII in 

1940s and 1950s. With the increasing motorcycles, there was increase in the 

number of accidents. The accidents had increased by 20% for the next four years 

and there was 200 percent increase in the medical costs for the non-helmeted 

motorcyclists. So, in1966 the National Highway Safety Act was passed to reduce 

the fatalities. The act also granted the funds to develop the programs. BY 1975, 

all the states implemented the universal helmet law except for California. Slowly, 

the opponents started claiming about the infringement of the Constitutional 

rights. On December 14, 1975, the NHSA was repealed but the federal funds 

were withheld from the states unwilling to accept the law. Therefore, the 

National Highway fatality and Injury reduction act was introduced on May 1989, 

which has proposed to, withheld 10 percent of Federal highway aid from the 

states refusing the law. But the bill was passed withholding only 3 percent of the 

federal highway fund. In 1995, the national motorcycle lobby successfully 

lobbied to repeal the 3 percent of the highway safety fund penalty. And many 

states started repealing their universal helmet law in 1997. 

In United States, there are two types of motorcycle helmet laws known 

as Universal Helmet law and Partial Helmet Law. The Universal Helmet Law 

requires all the motorcycle riders to wear the helmet whereas the Partial Helmet 

Law only requires only the motorcyclist below the age 17, 18 or 20 to wear the 

helmets. Currently 19 states and District of Columbia have Universal helmet law. 
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It has been noticed that there is a huge drop down of 5.7 percentage in the 

usage of helmet since the year 2000 as shown in Figure 1-3 (NHTSA, 2016). In 

2016, the helmet use was higher in the states with Universal helmet laws with 

close to 100 percent but which all the helmets were not complaint than in the 

other states with partial or no helmet laws with 53.5 percent as shown in Figure 

1-4(NHTSA, 2016) 

 Head injuries are the major cause of deaths in motorcycle crashes, which 

shows that it is necessary to use the helmets properly. Cook et al., (NHTSA 2009) 

identified that the motorcyclists with helmets are less likely to get the head and 

facial injuries than compared with Non-helmeted motorcyclists. Helmet use can 

reduce the likelihood of fatal crashes by 37 percent and 63 percent for the 

injuries (NHTSA, 2004). Helmeted motorcyclists were less likely to experience the 

dreadful brain injuries.  

NHTSA (2008c) indicated that after the reinstatement of Universal 

Helmet Law in Louisiana, the fatalities were decreased by 30 percent. The 

injuries were lower after the reinstatement of law compared to before the law. 

Louisiana had the first decline in motorcycle fatalities in its first six years.  

On July 1, 2000, Florida repealed its Universal Helmet Law to Partial 

Helmet Law. Florida experienced the increase in motorcycle fatalities in the 

beginning of the 6 months of the repeal of helmet law. The number of fatalities 
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after the following two years were 71 percent greater than the two years before 

the law (NHTSA, 2005). 

South Carolina has a Non Universal helmet law which requires all the 

motorcyclist below the age of 20 to wear the helmets. South Carolina adopted 

the Universal Helmet Law in the year 1967 which required the mandatory use of 

helmets by all the motorcyclists but it changed its law to Non - Universal helmet 

law in the year 1980 requiring only the motorcyclist below 20 year of age to 

wear the helmet. 

Figure 1-3: Motorcycle Helmet Use, 2000-2016 (Source: NOPUS) 

Figure1-4: Motorcycle Helmet Use in 2016, by State law and Helmet Type (Source: 

NOPUS) 
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1.2 Problem statement: 

The Statistics from 1975 through 2015 shows that the Motorcycle crashes 

have been a big issue in United States as it constitutes 14 percent of the motor 

vehicle fatal crashes even though it represents only 3 percent of the total motor 

vehicles. South Carolina has been listed in those 10 states to have the higher 

number of the motorcycle crashes since the past few years. South Carolina has 

second highest motorcycle fatality rate in the nation after Wyoming. A total of 

140 motorcyclists were killed in South Carolina in2015 which is 14.3 % of all the 

occupants killed that year. Over all 74% of the motorcycle riders killed in South 

Carolina in crashes in 2015 were not wearing helmet. Currently South Carolina 

has the partial helmet law, and is one of the two South Eastern states without 

the universal helmet law. Many types of researches have been done for different 

states regarding the changes in motorcycle helmet law and its effect on the 

motorcycle fatal crashes and helmet usage but none has been done related to 

South Carolina.  

1.3 Objectives of the study 

The objective of this study is to evaluate the impact after the repeal of 

universal helmet law on motorcycle crashes and fatalities in South Carolina. Also, 

the study identifies the behavioral/Socio-economic/ Geographic factors to be 
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addressed. The research also characterizes the opponent and advocate 

viewpoints on universal helmet laws to enable the development of persuasive 

educational materials.  

1.4 Organization of Thesis 

The thesis is divided into five chapters. Chapter one represents the 

introduction which includes the background, problems and objective of the 

study. Chapter two represents the Literature review which presents the research 

works that have been done before related to the motorcycle crashes, related 

factors, and helmet law. Chapter three discusses the sources of data, data 

collection process, the methodology used in the analyzing the data. Chapter four 

discusses and presents the results of the analysis. Chapter five includes the 

conclusion and recommendations based on the results of the analysis. 
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CHAPTER 2. LITERATURE REVIEW 

2.1. Introduction 

A detailed literature review was conducted to identify the trends of 

motor vehicles and motor cycle crashes, helmet laws, factors affecting the usage 

of helmets, estimation of the economic and life saved by the helmets, 

motorcycle crashes geocoding, hot spot analysis of the motorcycle crashes and 

various methodologies that have been used for the traffic safety. It mainly 

focuses on the importance of helmet on decreasing the motorcycle fatalities and 

the fatal crashes. Various Safety methods have been used for decreasing the 

motorcycle fatalities and fatal crashes but the difficult task might be choosing 

the right one for the required output. 

2.2. Trends in Fatality of Motorcycles and Motor Vehicles 

The increasing number of population has resulted in a very high change in 

the registration of the motor vehicles. The total number of the vehicles 

registered in 2015 was 260,350,938 with an increase of 88.7 % from the year 

1975. The motorcycles constitute of 3.23 % of the total number of motor 

vehicles (Highway Statistics, 2016). The motorcyclist fatality rate per 100,000 

registered motorcyles in 2015 was 57.85 whereas the passenger car fatlity rate 

per 100,000 registered passenger cars was 9.48 which shows that the 
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motorcyclists fatality rate was five times the passenger cars fatality rate ( NHTSA, 

2015). 

The total number of motorcyclists killed in 2015 is 4976 which is an 

increase of 8 percent from the year 2014 ( IIHS, 2015) whereas the total number 

of occupants killed in passenger cars in 2015 was 12,628 which is an increase of 

5.6 percent from the year 2014 (NHTSA, 2015). The motorcycle fatalities 

constitutes of 13 percent of all the motor vehicle crash deaths (IIHS, 2015). The 

motorcycle fatalities is increasing along with the increase in the motorcycle 

registration. It also shows that the rate of motorcycle fatalities is very high in 

comparision with the passenger cars as shown in Figure 2-1. 

Figure 2-1: Fatality rate per 100,000 registered vehicles for passenger cars and 
motorcycles 
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The fatality rate per 100,000 registered vehicles in United States for the 

year 2015 was 12.47 and the fatality rate per 100,000 population was 10.92. The 

fatalities rate per 100,000 registered vehicles for South Carolina was 23.47 which 

is the highest among all the states and the fatality rate per 100,000 population 

was 19.95(NHTSA, 2015). The fatalities in South Carolina has increased by 19 

percent in 2015 from the year 1975. The motorcycle fatalities in South Carolina 

has been increasing for the past few years. The number of the motorcyclist killed 

in South Carolina for 2015 is 184 which has been increased from the year 2014 

which was 121. (NHTSA, 2015). 

From 2000 to 2008 the motorcycle fatalities have increased by 83 % and 

the motorcycle registrations have increased by 78% (NHTSA, 2009). But the 

motorcycle Vehicle Miles of Travel (VMT) have increased by 38%. (Desai et 

al.,2008). 

The study conducted by Dan Middleton et al., (2014) sought to determine 

the appropriate sites for the motorcycle counts which was conducted in four 

states (Texas, Michigan, Wisconsin and Montana). The Author evaluated the 

relationship between the motorcycle crash locations and potential count sites. 

The study showed that the spatial distribution of the motorcycle crashes is 

related to the spatial distribution of the traffic. The study also found that the 
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weekend motorcycle crash locations can be used to determine the weekend 

count sites and same for the weekdays. 

The study conducted by Sarasua et al., (2010) showed that the current 

traffic detection systems used for estimating the VMT do not detect and classify 

the motorcycles properly because of their small size, narrow width, low metal 

mass and single wheel track. 

The research conducted by Lyon et al., (2016) showed that in the absence 

of the accurate motorcycle counts for the AADT, the total AADT can be used. 

FHWA requires states to report state-level motorcycle VMT data which was 

optional before 2007.If the states are elected to report the motorcycle VMT 

data, they would often calculate the measure as a standard proportion of the 

total VMT. (FHWA, 2008) 

International Overview: 

Peden et al. (2004) highlighted that road traffic injuries account to 

significant deaths all around the world with 20-50 million injured annually. Low 

and medium income countries constitute of most of the deaths as motorcycles 

are the popular means of transportation in such countries (WHO, 2006). The 

study done in Taiwan (Chang & Yeh, 2006) shows that the motorcyclists in 

Taiwan ride the motorcycles without driving education or training. 
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The motorcyclists face many motorcycle crashes as they often share the 

traffic space with fast-moving, heavier and bigger cars, buses and trucks, and 

because they are less visible. In addition, their lack of physical protection makes 

their passengers vulnerable to being injured if they are involved in a collision 

(WHO, 2006). 

In case of Latin America and Caribbean countries, over half of the road 

traffic deaths occur among pedestrians, motorcyclists and bicyclists. A stronger 

traffic law enforcement is required to decrease the number of road deaths and 

protect the vulnerable groups. The Pedestrians deaths consists of 27%, 

motorcyclists as 20% and bicyclists as 3.7%. The Dominican Republic Country has 

the highest number of the motorcycle accidents which is 63 % (WHO, 2006) 

2.3. Helmet Usage, Helmet Usage Laws and Their Effectiveness 

Going through the analysis of data from 1975 through 2015 (NHTSA, 

2015), it seems that the motorcycle riders are at more risk than occupants of 

passenger cars. Per registered vehicles the motorcycle fatality rate in 2015 was 

six times more than the passenger car fatality rate. Also per vehicle miles of 

travel in 2015 the motorcycle fatality rate was 29 times more than the fatality 

rate of passenger cars ( NHTSA, 2015).  

Lawrence J.Cook and Tim Kerns,  (NHTSA, 2008) found out the 

relationship between the motorcycle helmet use and the motorcyles crashes, 
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injuries, hospital charges, etc. They pointed out that the helmeted motorcyclists 

are less likely to suffer from the head and facial injuries than the unhelmeted 

motorcyclists. The unhelmeted motorcyclists are more susceptible to the 

Traumatic brain injuries (TBIs).They showed that 15 percent of the hospitalized 

helmeted motorcyclists had TBIs than 21 percent of the hospitalized non 

helmeted motorcyclists. 

The usage of helmet saved around 1664 lives in United States in 2014. Also 

additional lives of 660 could have been saved if the helmet usage percentage 

was 100 percent.( National Center for Statistics and Analysis, 2016). The helmet 

usage can reduce the likelihood of fatal crashes by 37 percent and the injuries by 

41 percent (NHTSA, 1988). Pickerell and Starnes, (2008) estimated that an 

unhelmeted motorcyclist is likey to have a fatal injury by 40 percent and a non 

fatal  injury by 15 percent than an Non-helmeted motorcyclists. In United States, 

different states have different helmet use laws. 

• Universal helmet use law: This law requires mandatory use of helmets by

all the ages of motorcyclists.

• Non-Universal helmet use law: This law requires the motorcyclist of age

below 17, 18 or 20 to wear the helmets.

• No helmet use law: There is no mandatory use of helmets for such law.
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South Carolina has a Non-Universal helmet law, which requires the entire 

motorcyclist below the age of 20 to wear the helmets. South Carolina adopted 

the Universal Helmet Law in the year 1967 which required the mandatory use of 

helmets by all the motorcyclists but it changed its law to Non - Universal helmet 

law in the year 1980 requiring only the motorcyclist below 20 year of age to 

wear the helmet (IIHS, 2015). Currently 19 states and the District of Columbia 

have laws requiring all the motorcyclist to wear the helmet which is the 

Universal Helmet law. There are 28 states, which requires the motorcyclist below 

certain year of age to wear the helmet. There are three states (Illinois, Iowa and 

New Hampshire) which do not have any helmet law (IIHS, 2015). The figure 2-

below shows the maps of states with different Helmet Laws. 

Figure 2-2: Maps of the states with helmet laws in United States by 2015 
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William et al. (1979) represented that if the helmet wear is mandatory for 

all the motorcyclists almost the usage percentage is 100 percent. There is less 

usage of helmets when it is not compulsory for all the riders to wear the 

helmets. Therefore, the Partial helmet law decreases the helmet usage rate in 

the motorcyclists. Overall helmet use rate is higher in the states where there is 

the partial helmet law as compared to other states where there is partial or no 

helmet laws. 

The survey conducted by (NHTSA, 2015) shows that the states having the 

Universal Helmet Law had the higher percentage of helmet usage compared to 

the state with Non- Universal Helmet Laws. 

The report of NHTSA indicated that Louisiana has amended the 

motorcycle helmet laws several times; in August 2004, Louisiana reinstated its 

universal helmet law, which require the entire motorcyclist rider to wear the 

helmets. Multiple logistic regression showed a strong positive effect on usage of 

helmets. The odds of wearing the helmet after the reinstated law were 11.7 

times greater compared to the odds of wearing the helmet before the law. It also 

showed that the injuries were lower after the law was reinstated compared to 

before the law. Fatalities were decreased by 30 percent during the post law 

period than the pre law period. The fatal crashes were also decreased after the 
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reintroduction of the law. The report illustrated that Louisiana has the first 

decline in the motorcycle fatalities in its first six years (NHTSA, 2008c). 

Florida repealed its Universal helmet law to Partial helmet law on July 1, 

2000, which require the riders below the age of 17 to wear the helmets. Florida 

experienced the increase in motorcycle fatalities in the beginning of the 6 

months of the repeal of helmet law. The number of fatalities after the following 

two years were 71 percent greater than the two years before the law (NHTSA, 

2005). 

International overview 

Head and neck injury are the main reason of deaths for the motorcyclist. 

Head injuries accounts up to 75 percent of the death in European countries while 

it accounts up to 88 percent of deaths in case of low and middle income 

countries (Umar, 2002). 

 Proper Use of helmets can reduce the fatalities and head injuries . The 

Effective enforcement of helmet laws can reduce the motorcycle crashes and 

increase the usage rate of helmet (WHO, 2006). Among all only 169 countries 

have established the national law out of which only 74 countries have the law of 

wearing the helmets correctly. There are some countries where it is only 

compulsory to wear the helmet in the speeding areas or certain criteria. Only 70 

countries have the comprehensive helmet law that applies to all the drivers and 
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passengers. The study in nine low and middle-income countries showed that half 

of the helmets being worn were non-standard helmets. In total 44 countries 

have the proper helmet law, which includes all the users with a requirement for 

fastening the helmet and has applied the helmet standard as shown in figure 2-3. 

In 46 countries, a minimum age is specified for the children to ride as passengers 

ranging from 3 to 14 years old, like Australia, Vietnam and Malaysia (WHO, 

2006). But few countries like Afghanistan, Dominica, Fiji, and Somalia do not 

have any national helmet law although they have high number of motorcycle 

crashes (WHO, 2006) 

The study conducted by WHO (2006) regarding the helmet law, 

enforcements and the helmet standards on different countries of the world also 

shows that many countries lack the data regarding the motorcycles. So, there are 

no sufficient researches regarding motorcycle for various countries due to the 

lack of proper data. 
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Figure2-3: Motorcycle helmet laws and helmet standards, by country/area 

2.4. Estimation of Lives and Costs Saved by the Helmet Use 

NHTSA (NCSA, 2016) estimated that in 2014, 1669 lives and 660 

additional lives were saved and $3 billion in economic costs and $18 billion in 

comprehensive costs were saved using motorcycle helmet in United States. The 

estimates are calculated using the effectiveness of motorcycle helmets as 37 

percent for the operators and 41 percent for the passengers. The estimates for 

injury are also calculated using the effectiveness as 8 percent for the minor and 

13 percent for the serious injury. NHTSA used the helmeted motorcyclist 

fatalities to determine the number of lives saved and the additional lives saved 

are estimated by using the unhelmeted motorcyclist fatalities. The costs are 
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estimated using the Department of Labor’s Consumer Price Index (CPI) with the 

base year as 2010.  

Blincoe et al., (2015) estimated in United States the total cost of motor cycle 

crashes in 2010 as $12.9 billion and $66 billion in societal harm as 

comprehensive costs which also includes the societal costs using the 

effectiveness of helmets and number of helmeted and unhelmeted fatalities. 

They estimated the helmeted and unhelmeted incidence separately and then 

different cases for each incidence were identified. They used the cost per fatality 

to derive the estimates of the economic impact of helmet use and non-use from 

1975 through 2010. 

Deutermann, W. (2005) estimated that 1158 lives were saved for the year 

2003 and additional 640 motorcyclists could have been saved if the helmet 

usage rate were 100 percent. He used the helmet effectiveness of 37 percent 

based on the data of Fatality Analysis Reporting System (FARS). 

By using the same method as above, NHTSA (2011) estimated that the 

number of motorcyclists saved in 2008 were 1829 and an additional of 822 lives 

could have been saved had all motorcyclists’ worn helmets. The economic cost 

saving was found out to be approximately $2.9 billion in 2008 and an additional 

of $1.3 billion could have been saved if all the motorcyclists had worn the 

helmets 
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further investigations. Later the logistic modelling was used to evaluate the 

influence of the proximity of schools on the distribution of child pedestrian road 

accidents. 

The study conducted by Graittinger et al., (2005) prepared the thematic 

map of the Tuscaloosa County by using the GIS analysis feature called buffering 

to select the crashes that occurred within the certain road features. The analysis 

helped in identifying the roadway feature that may contribute to the maximum 

crash occurrences as shown in figure 2-4. The authors also showed various kinds 

of crashes 

Figure 2-4: Crashes on road segment within 0.25 buffer around highways 
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The study conducted by Kweku et al. (2016) conducted the safety analysis 

of spatial phenomena regarding the residences of drivers involved in the crashes 

using various spatial analysis tool. The study showed that the areas with high 

household income and high educational attainment were more likely to have 

less chances of the drivers involved in the fatal and injury crashes than other 

area. The author used the proximity analysis to show that the probability of 

involving in the fatal or injury crashes is less for the trips that is near to the 

home. 

Payman Salamati et al., (2015) conducted the study in Tehran to identify 

the high crash areas that result in the injuries and deaths from November 2011 

through February 2012. The authors used the ArcMap to extract the coordinates 

of the injuries locations and then used the overlay tool to overlap the different 

layers of geographical data. The study resulted that more deaths were in the 

west and northwest areas of Tehran and most of the deaths and injuries involved 

the motorcycles.  

2.8. Literature Review Summary 

As discussed above the trends of the fatal crashes and the fatalities for 

motor vehicles and motorcycles shows that more safety measures are required 

for the motorcyclists than the motor vehicle occupants. The fatalities and fatal 

crashes for the motorcyclists is increasing per year than the fatalities and fatal 
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crashes for the motor vehicle occupants both in United States and South 

Carolina. Various researches have proved helmet usage as one of main safety 

measure to decrease the motorcycle crashes. Status of the State Helmet Law is 

also one of the important factor in determining the helmet usage rate, fatality 

rate and the fatal crashes. Trend analysis, estimation of lives and cost saved by 

helmets and logistic regression are the important methods that can be used to 

show the importance of Universal Helmet Law as a major factor in decreasing 

the fatalities and fatal crashes and increasing the usage of the helmet. The 

overview of the motorcycle fatal crashes and helmet use laws in various 

countries gives the way towards transferring the ideas, knowledge and systems 

prevailing in United States to different parts of the world. 
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CHAPTER 3. METHODOLOGY 

Various methods were used to complete the different objectives. The 

following table shows the objectives with its methods used during the analysis. 

Table 3-1: The objectives and the methods used for the analysis 

3.1. Data collection 

The data for the thesis were collected from various sources. Table 2 shows the 

matrix that matches the data sources with various methods. 

Objectives Methods 

1. Evaluate the impacts after the
repeal of Universal Helmet Law
on motorcycles crashes,
injuries and fatalities in South
Carolina

1. Fatality trends, Fatal crash
trends, Helmet use trends,
Frequency charts

2. Cost- Benefit Analysis

2. Identify the Behavioral/ Socio-
demographic/ Socio- 
economic/ Geographic factors
associated with motorcycle
crashes in South Carolina

3. Logistic Regression
4. Spatial Join
5. Buffer Analysis
6. Kernel Density Estimation
7. Kriging Methods

3. Characterize the opponent/
advocate viewpoints on
Universal Helmet Laws to
enable the development of
persuasive educational
materials.

8. Text Analysis
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Table 3-2: Mapping the data sources with the analysis methods 

Data sources Analysis methods 

Trends Frequency 

tables 

Benefit- 

Cost 

Logistic 

Regression 

Spatial 

Analysis 

Text 

Analysis 

FARS (1975-
2015) 

US Census 
Bureau 

Social 
media/Online 
news feed 

Driver’s 
License Data 

SCDOT crash 
data (2007-
2015) 

RIMS 
(Roadway 
Inventory) 

3.1.1. FARS 

One of the source is Fatality Analysis Reporting System (FARS). FARS is 

the nationwide census that provides yearly data regarding the fatal injuries that 

occurred during the motor vehicle crashes to the National Highway Traffic Safety 

Administration (NHTSA) and the American Public. FARS provides an overall 

measure of the highway safety, helps provide the solutions and evaluates 

different Highway Safety Programs and motor vehicle safety standards. FARS 
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manages the raw data for each year in the excel format. Crash data for twenty 

years from 1975 through 2015 for the state of South Carolina were downloaded 

as a dbf file from FARS website (www.nhtsa.gov/research-data/fatality-analysis-

reporting-system-fars). FARS data are in relational format which is categorized 

into three files for each year. Those three files are Accident records, Person 

records and Vehicle records. Each of these files contain a common variable 

known an ST_CASE that can be linked to the same cases or records of the three 

files. The ST_CASE data element is the unique case number assigned to each 

crash. 

3.1.1.1. Merging Files 

The files were joined to each other using the Join tool in GIS (Geographic 

Information System). The accident table file contains all the information related 

to the accident like name of state, location of the crash, time and day, date, 

lighting condition, number of fatalities etc. The Persons table file contains one 

record for each person that is involved in the accident. The Persons table file 

consist of information like age, gender, restraint use etc. The Person table file 

were joined with the related Accident file through the same variable, ST_CASE. 

http://www.nhtsa.gov/research-data/fatality-analysis-reporting-system-fars
http://www.nhtsa.gov/research-data/fatality-analysis-reporting-system-fars
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The Vehicle table file contains one record for each vehicle that is involved in the 

accident. The Vehicle table file contains information like vehicle type, vehicle 

number etc. The vehicle table file is joined with the other two files through the 

common variable, ST_CASE. 

Figure 3-1: A flow chart showing a process of joining the three table files of FARS into 
one file with the common variable. 

ACCIDENT Table File 

Key Variable: ST_CASE 
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3.1.1.2. Query and Sorting the Data 

The next step after joining the vehicle and the person files properly to the 

accident files was to make a new file with only motorcycles data. For this “select 

by attribute” tool in GIS software was used.  

“Select by attribute” tool can be used to select the features using an 

attribute query. This tool allows providing a query expression that can be used to 

select features that match the selection criteria. This tool helped in querying and 

sorting the data by creating a new data table file. The total number of 

motorcycle fatal crashes in South Carolina for each year was found out by using 

the variables “ACCIDENT_STATE and VEHICLE_BODY_TYPE”. The number of rows 

provided the total number of fatal crashes.  

The total number of fatalities were found out by taking the total sum of 

the column named as “FATAL”. For the helmet usage, the total number of 

helmeted and non-helmeted fatalities were found out using the variables 

“PERSON_MAN_REST” from the year 1975 till 1990 and “PERSON_REST_USE” 

from the year 1990 till 2015.These selected records were later extracted to the 

excel file from the GIS software. The variables used to identify the motorcycle 

fatal crashes based on gender, age group, alcohol consumption and time of day 

were PERSON_SEX, PERSON_AGE, DR_DRUNK AND LGT_COND. 
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3.1.2. RIMS (Roadway Inventory Monitoring System) 

This is another source used in the study for the data collection process. 

RIMS is the geospatial based system which is responsible for managing all the 

aspects of DOT’s roadway inventory. RIMS manage the data like route type, 

number of lanes, AADT, functional class, street networks. The files for the 

roadway of South Carolina for the spatial analysis is obtained from this system. 

3.1.2.1. Merging the files 

The files were joined using the join tool in ArcGIS. The crash files consist of 

3 records. The Location records has all the information regarding the location, 

time, date etc. about the crash. The occupant record consists of information 

regarding the person involved in the crash. The Unit records consist of 

information regarding the vehicles involved in the crash. The three records are 

joined to each other using the same variable “ANO” which represents the 

accident number. The motorcycle crashes are extracted from the total crash by 

using the variable “Unit_UTC” which represents the body type of the vehicle. The 

resulting motorcycle crashes of various years are joined with the help of merge 

tool in the GIS to give the final output merged crash data of motorcycles from 

2010 to 2015. 
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3.1.3. Department of Labor’s Bureau of Labor Statistics 

       The Bureau of Labor Statistics of the U.S Department is the principal 

federal agency responsible for measuring labor market activity, working 

conditions and price changes in the economy. Its mission is to collect, analyze 

and provide the essential economic information to support the public and 

private decision-making. The cost price index for cost-benefit analysis for each 

year from 1975 through 2015 was obtained from the website of Department of 

Labor’s Bureau of Labor Statistics which is https://data.bls.gov/cgi-

bin/surveymost?cu. 

3.1.4. US Census Bureau 

The US census bureau provides the TIGER/line shapefiles and related 

database files of selected geographic information. TIGER represents the 

topologically integrated geographic encoding and referencing database. County 

subdivisions are the primary divisions of counties and their equivalent entities 

for the reporting of Census Bureau data. The shapefile for the South Carolina 

borders with county subdivisions are obtained from this website 

https://catalog.data.gov/dataset/tiger-line-shapefile-2013-state-south-carolina-

current-county-subdivision-state-based. The US census bureau also provides the 

state-wise socio-economic data like total population, education level, income 

level with the limited set of the TIGER/ line shapefiles for 2010. 

https://data.bls.gov/cgi-bin/surveymost?cu
https://data.bls.gov/cgi-bin/surveymost?cu
https://catalog.data.gov/dataset/tiger-line-shapefile-2013-state-south-carolina-current-county-subdivision-state-based
https://catalog.data.gov/dataset/tiger-line-shapefile-2013-state-south-carolina-current-county-subdivision-state-based
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various factors like gender, age group, day and night, DUI and DWI are found out 

from 1975 through 2015 and for the whole combined years. 

The Variables used to determine the frequencies and percentages for the 

total motorcycle crash data are: 

• Age

• Alcohol Consumption (for fatal crash only)

• Gender

• Severity level

• Average speed

• Race

3.3. Cost-Benefit Analysis 

The annual estimates of lives and costs saved using motorcycle helmets are 

obtained by using the effectiveness of the motorcycle helmets in preventing the 

deaths and injuries. Helmet effectiveness role as 37 percent for the fatalities 

which is 37 percent of the lives can be saved for riders and 41 percent for the 

passengers. The number of motorcycle fatalities gives the estimation of the 

motorcyclists saved by helmets and the associated costs. By using the helmet 

effectiveness, the number of lives that were saved as they wore a helmet can be 
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bin/surveymost?cu). The inflation rate can be found out by dividing the value of 

Annual for the required year by the base year. The economic cost per fatality for 

the base year is multiplied by the inflation rate to estimate the economic cost 

per fatality for the required year. 

Economic cost per fatality for the required year = economic cost per fatality for 

the base year * inflation rate 

Economic cost saving = Economic cost per fatality *total number of lives saved 

by the helmets 

The economic cost savings for fatalities that could have been prevented by 100 

percent helmet use = Economic cost per fatality for the required year * 

additional lives that could have been saved  

3.4. Logistic Regression 

Various factors were analyzed during the study to perform the logistic 

regression analysis. 

3.4.1. Description of Variables Selected for Logistic Regression 

FARS data was used for the analysis. It analyses the following factors as they 

relate to motorcycle helmet use in fatal crashes. Each factor is listed in the 

appropriate categories within that factor. 

http://data.bls.gov/cgi-bin/surveymost?cu
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• Dependent Variables: “Usage of Helmet” is a dependent variable in the

analysis. This variable was recorded as a binary variable with (1) as fatal

crashes with helmets on and (0) as fatal crashes without the helmets.

• Independent Variables: The chosen independent variables for the

analysis are shown below. All the variables were recorded with a number

(1) or (0).

I. Gender: This factor talks about the gender of the motorcyclist

who got involved in the crash.

a. Female

b. Male (Reference group)

II. Age group: This factor shows the age group of the motorcyclist

involved in the crash. The reference group was taken as less than

20

a. Less than 20 (reference group)

b. 20-29

c. 30-39

d. 40-49

e. 50-59
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f. Greater than 59

III. Time of day: This factor represents the time of the day at which

the crash has occurred. The reference is the day group.

a. Day: 6 a.m. to 6 p. m (Reference group)

b. Night: 6 p. m to 6 a. m

IV. Alcohol Consumption: This factor indicates whether the

motorcyclist was under DUI or DWI when the crash occurred. The

group with DWI is taken as the reference group.

V. Helmet Law: This variable indicates that during which helmet law

the crash occurred. Non-Universal Helmet Law was taken as the

reference group.

a. Universal Helmet Law

b. Non-Universal Helmet Law

3.4.2. Description of Logistic Regression 

The logistic regression model was used in the research to predict the 

probability of wearing a helmet by the motorcyclist in the fatal crash. Logistic 

regression represents the relation between the variable with the categorical 

response and the independent variable. It can deal with the categorical 
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responses which come during the study and investigates its relationship with the 

independent variables. So, for these kinds of study logistic regression is more 

preferred. The logistic regression does not assume the linear relation between 

the dependent and independent variables but it assumes the linear regression 

relation between the log of the dependent variable and the independent 

variable. 

Since it is a binary response model, so the helmet usage can take two possible 

values. It can be denoted as 1 or 0 with 1 if the motorcyclist wears the helmet 

and 0 if the motorcyclist does not wear the helmet. The linear logistic model has 

the form: 

Log it (π) = log (π/ 1-π) = βo + β1X1+β2X2+………+βkXk 

π= 1/ (1+e^- (β
o

+β
1

X)) 

Where, 

β o= the intercept, 

β = regression coefficients for covariates X 

X = independent variables 

π = the response probability to be modeled 
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Applying the logistic regression to the probability is generally referred to 

as taking the logit. The natural log of the odds ratio is called the logit. The odds 

ratio is a ratio of two odds. The odds are related to the probability but expressed 

in a different way. The odds are the probability of the event occurring to the 

probability of the same event not occurring. For a probability of success π, the 

odds of success can be shown as, 

Odds = π/ (1 – π) 

If the odds is greater than 1 then the probability of success is greater than 

failure. If the odds is less than 1 then the probability failure is greater than the 

success. In our study, the odds ratio compares the two groups of each variable. If 

we take an example of gender, the odds ratio compares the odds of the male 

group with the odds of a female group of gender variable. (Indupuru, 2010) 

Odds ratio= (π1 / (1 – π1)) / ((π2/ (1 – π2)) 
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Probability of 

helmet usage 

Male Female 

Probability of 

wearing a helmet 

(success) 

π1 π2

Probability of not 

wearing a helmet 

(Failure) 

(1-π1) (1-π2)

The odds ratio greater than 1 indicates that the male group is more likely 

to wear helmets than the female group. The odds ratio less than 1 indicates that 

the female group is more likely to wear helmets than the female group. 

“R” software was used for the study to carry out the logistic regression 

analysis. The software also analyses the variable as if the variable is found 

greater than α=0.05 level than the variable is treated as insignificant in affecting 

the dependent variable. The software also creates the odds ratio based on the 

reference group to find the magnitude of each variable. 

3.5. Spatial Join 

The socio-economic data and the blocks for the spatial join analysis was 

obtained from US census bureau and the motorcycle crash data (2002-2012) 
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obtained from South Carolina Department of Transportation. Driver information 

was aggregated to census block groups and one square mile grids for macro and 

micro level analysis respectively. To aid in identifying subpopulations within the 

state with the greatest potential for safety program impacts, socioeconomic and 

demographic data for the block groups was obtained from the 2010 Census data 

for South Carolina and compiled with the at-risk driver data. (Brown et al.,2016). 

Residential Nine-Digit Zip Code Data for Drivers Contributing to Crashes 

To research the socioeconomic characteristics of motorcycle riders who 

contributed to fatal and injury crashes (at-risk riders) in South Carolina, 

motorcycle rider’s residential locations at a fine geographic scale had to be 

acquired. South Carolina crash data includes a vehicle file that identifies all the 

motorcycle riders involved in crashes by motorcycle riders’ license number. A list 

of riders’ license numbers of riders involved in crashes from 2007 to 2012 was 

extracted from the vehicle file obtained from the SCDOT and provided to the 

SCDMV to procure the residential locations of riders. (Brown et al.,2016) 

The resolution of 9-digit riders residence zip code data is finer than the 

respective census block group data that was obtained with associated socio-

economic data. The resultant encrypted list of 9-digit zip codes provided by the 

SCDMV was decoded and preprocessed. To create a unique relationship 

between a rider and a crash, relational database joins were created between the 
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SCDOT crash database files and the driver 9-digit zip codes acquired from the 

SCDMV in Microsoft Access. This combined dataset captured at-risk drivers that 

were involved in more than one crash within the given year and/or across years. 

(Brown et al.,2016) 

The socio-economic variables used for the analysis: 

I. Income: The variable indicates that if the income of the people has effect

on the occurrence of the motorcycle crashes.

II. Education: The analysis of this variable shows that if the number of

education in the certain area has any relation with the number of

motorcycle crashes on that area.

Census Block Group Boundaries and Associated Socioeconomic Data 

Census data is aggregated at different levels of geography. Block group is 

the smallest level of aggregation that includes data with detailed demographic 

and socioeconomic information. There are, on average, 39 blocks in a block 

group, and there is usually a cluster of block groups in a census tract 

(www.census.gov). The level of aggregation that was chosen for this analysis was 

the census block group because of the available socioeconomic and demographic 

attributes at that level of geography. To perform block group analysis, Census 

block group GIS shape files containing 3,054 block groups for South Carolina 

were obtained from the US Census Bureau. Demographic and socio-economic 
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data by block group was retrieved from the Census Bureau and the National 

Historical Geographic Information System (NHGIS) and joined with the census 

block group shapefile. Each block group is assigned to either Helmeted (greater 

than 50%) and or unhelmeted (less than 50%) category as shown in figure 3-3. 

The process for the block categories is shown in figure 3-4.  

( 

Figure 3-3: Assigning the blocks to either greater than 50% helmeted category or less 
than 50% helmeted category
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Figure 3-4: Process for the block category analysis 

3.6. Buffer Analysis 

Spatial analysis is the location based analysis which includes the 

topological, geometric or geographic properties. There are various applications 

in the GIS software through which we can perform the spatial analysis. The GIS 

analysis feature contains a tool called Buffer. In the buffer tool there is an 

important parameter called Method which determines how the buffer are 

constructed. The buffer tool creates an offset distance on both sides of the line 
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Figure 3-5: Buffer of a line feature class using 20 feet distance
(source: http://desktop.arcgis.com/en/arcmap/10.3/tools/analysis-toolbox/buffer.htm) 

In our study the buffer tool was used  with the offset distance of 30 feet 

to create a new buffered polygon feature class from the roadway shape files 

which was obtained from the RIMS data base as shown in figure 3-6. The merged 

crash files (2010 -2015) were then joined to the buffered feature class using 

spatial join tool as shown in figure 3-7. The spatial join tool joins the data of one 

feature layer to the other feature layer. The final joined feature layer is again 

joined to the RIMS raw roadway file using the spatial tool to create a thematic 

map based on color which represents the number of crashes and the line weight 

which represents the functional class of the roadways. 
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Figure 3-6: Buffer of a roadway using a distance of 30 feet 

Figure 3-7: Flow chart to show joined output file after using the merge, buffer and join 
tool 
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3.7. Kernel Density Estimation 

One of the methods to show the hotspots (accident prone areas) of the 

crashes is by using the Kernel Density Estimation method (KDE) in ArcMap. This 

is also one of the application of ArcGIS. Density analysis takes known quantities 

of some phenomenon and spreads them into landscape based on the measured 

quantity at each location and the spatial relationship of the locations of the 

measured quantity (Silverman, 1986).  

Kernel density calculates the density of features in the neighborhood 

around those features. Kernel density estimation is an exploratory method to 

identify the location of clusters at high, local and even densities. It assumes that 

the event pattern has the density at any location in the very region and not only 

just to that location where the event occurs. Kernel Density Estimation estimates 

the event density by counting the number of events in a region. This region is 

called the Kernel and is centered at the location where the estimation is to be 

made. Kernel density function is a symmetric function which is centered at zero 

and having an area of 1. This method can be used for both point and line 

features. It creates a smooth curve around each point with highest value at the 

center of the point and decreases with the increasing distance from the point. 

The total density is calculated by adding the volumes of all the kernel surfaces as 

shown in figure 3-8 (wicklin, 2016). In our study the crash file for the density 
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estimation is obtained from the FARS data. The fatal crash data is from 1975 to 

2015. 

Figure 3-8: Kernel Density Estimate as weighted sum of component densities 
(source: http://blogs.sas.com/content/iml/2016/07/27/visualize-kernel-density-estimate.html) 

The Kernel density estimator can be represented as: 

F(x) = 1/nb2 ∑ K (di/b) 

Where b is the bandwidth, K is function of the Kernel density, di is the distance 

from the center in the bandwidth and n is the number of observations. 

3.8. Kriging Analysis 

The method to show the hot spots is the Kriging analysis. For this analysis, 

the total motorcycle crashes from 2010-2015 were used to find the hotspots and 
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which is normalized based on the population. The analysis weighs the 

surrounding measured values to derive a prediction for an unmeasured location. 

Kriging is an advanced geostatistical procedure that generates an estimated 

surface from a scattered set of points with z-values. Unlike other interpolation 

methods in the Interpolation toolset, to use the Kriging tool effectively involves 

an interactive investigation of the spatial behavior of the phenomenon 

represented by the z-values before you select the best estimation method for 

generating the output surface. (Source: esri, ArcMap for desktop, 2017)

The general formula for both interpolators is formed as a weighted sum of 

the data: 

Where: 

Z(si) = the measured value at the ith location 

Λi = an unknown weight for the measured value at the ith location 

So= the prediction location 

N= the number of measured values 
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3.9. Text Analysis 

In our study the viewpoints of the opponent and advocative are obtained 

from the various news channels and social media. The word cloud analysis was 

used during the study. The word or the tag cloud is a visual representation of the 

text data, which is typically used to identify the keyword in the text. It helps in 

identifying the key issues, trends and opinions of the people related to the 

certain topic. 

The news was copied from the news channel and the twitter feeds were 

copied from the twitter. The software “Tag Cloud” was used to make word cloud. 

The software counts the frequency of the word in the whole sentences and bolds 

out the words which have the highest number of occurrence. The word cloud 

was prepared separately for the helmet law advocates and opponents 
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CHAPTER 4. RESULTS 

4.1. Introduction 

It has now become a very important matter to give concern towards the 

motorcycle safety in South Carolina. The results obtained from the research 

gives the overall idea of motorcycle fatal crashes with and without the Universal 

Helmet Law in South Carolina. 

4.2. Results for fatality, fatal crash and helmet use trends 

The total number of motorcycle fatality were decreasing before the repeal 

of the helmet laws whereas the total number of motorcycle fatality after the 

repeal of the helmet law is increased. 

Figure 4-1: Motorcycle fatality trend before and after the repeal of Universal 
helmet law in South Carolina 

As shown in figure 4-2, the percentage of the helmet use in fatal crash 

before the repeal of the Universal Helmet Law in South Carolina is higher than 
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compared to the helmet use after the repeal of the Universal Helmet Law. As 

shown in table 4-1 and figure 4-3, the percentage of helmet use before the 

repeal of Universal Helmet Law is 72.7 whereas the percentage after the repeal 

of Universal Helmet Law is 20.4 

Figure 4-2: Involvement in fatal crashes by helmet use (1975-2015) 

Table 4-1: Helmet use statistics for riders in fatal crashes before after the repeal 
of the Universal helmet law 

 Figure 4-3: Involvement in fatal crash before and after the repeal of Universal 
Helmet Law by Helmet use 
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The total fatal crashes involving the male motorcyclists is 2046 whereas 

the total fatal crashes involving female motorcyclist is only 58. The helmet use by 

the male per fatal crashes is 32.8 percent whereas the helmet use by the female 

in the fatal crashes is 38.9 percent as shown in table 4-2. The total number of 

male motorcyclists is very high than the female motorcyclists so we can say that 

there are predominantly male motorcyclists than the female motorcyclists as 

shown in figure 4-4.  

Table 4-5: Percent Helmet Use based on Sex (1975-2015) 

Figure 4-4: Involvement in fatal motorcycle crashes by gender and helmet use 
(1975-2015) 
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The Frequency distribution as shown in figure 4-5 indicates that the age 

group 20-29 are more involved in fatal crashes than other age group. As shown 

in table 4-6, it also shows that the helmet use by the age group less than 20 in 

the fatal crashes is 38.8 percent. The helmet use by the age group 20-29 in the 

fatal crash is 23.5 percent. The fatal crashes involving helmet use for the age 

group 30-39 is 20.9 percent. For 40-49 age group the helmet use in the fatal 

crashes is 18.7 percent. For age group 50-59 the helmet use in the fatal crashes 

is 24.4 percent. For age group above 59 the fatal crashes involving helmet use is 

33.05 percent. The total number of fatal crashes is highest for the age group 20-

29 with 747 number of fatal crashes. 

Table 4-6: Percent of Helmet Use based on different age group (1975-2015) 
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Figure 4-5: Involvement in fatal motorcycle crashes by age and helmet use 
(1975-2015) 

As shown in table 4-7 and figure 4-6, the number of fatal crashes 

involving the helmet use by the motorcyclists with DUI is 17.9 percent whereas 

the number of fatal crashes involving the helmet use by the motorcyclists with 

DWI is 29.04 percent. The frequency distribution shows that the total number 

fatal crashes involving the motorcyclists with DUI is 827 whereas the total 

number of fatal crashes involving the motorcyclists with DWI is 1284. 
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Figure 4-6: Involvement in fatal crashes by alcohol consumption and helmet use 
(1975-2015) 

As shown in table 4-8 and figure 4-7, the total number of fatal crash for 

the motorcyclist during the night is 981 where as the motorcycles crashes during 

the day is 1112. The percentage  of motorcycle crashes involving the use of 
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Figure 4-7: Involvement in fatal crash by time of day and helmet use 
(1975-2015) 
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Table 4-9: Frequency table of total motorcycle crashes in South Carolina 
(2013-2015) 

Motorcycle riders Involved in total motorcycle crashes in SC (2013-2015) 

Total Helmeted Unhelmeted Unknown 

Total 7947 2716 4471 760 

BAC >0.08(fatal crash) 97 16 79 2 

Too fast (ESC>SPL) 1309 354 876 79 

Average Age 39.83 38.97 40.33 40.34 

Race 

Black 1744 `519 1099 126 

White 5828 2118 3272 438 

Other 375 79 100 196 

Severity 
level 

Fatal Injury 355 93 253 9 

Incapacitating 
injury 

1221 317 845 59 

Non-Incapacitating 
injury 

2275 782 1359 134 

Minor injury 1800 731 928 141 

No injury 2204 793 1086 325 
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Table 4-10: Percentages of total motorcycle riders involved in the total motorcycle 
crashes (2013-1015) 

Motorcycle riders Involved in total motorcycle crashes in SC (2013-2015) 

Total Helmeted Unhelmeted Unknown 

Total 100% 34.18% 56.26% 9.56% 

BAC >0.08(fatal crash) 100% 16.4% 81.44% 2.06% 

Too fast (ESC>SPL) 100% 27.04% 66.92% 6.03% 

Average Age 39.83 38.97 40.33 40.34 

Race 

Black 21.95% 6.53% 13.83% 1.59% 

White 73.34% 26.65% 41.17% 5.51% 

Other 4.72% 0.99% 1.26% 2.47% 

Severity 
level 

Fatal Injury 4.47% 1.17% 3.18% 0.11% 

Incapacitating 
injury 

15.36% 3.99% 10.63% 0.74% 

Non-Incapacitating 
injury 

28.63% 9.84% 17.10% 1.69% 

Minor injury 22.65% 9.20% 11.68% 1.77% 

No injury 27.73% 9.98% 13.67% 4.09% 


